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bacteria can have on its host species. One area that remains 
underexplored with regards to the microbiome and both 
mating behaviour and physiology is the potential link be-
tween microbes in the gut, and the composition of nuptial 
gifts.
In some insect species, males present females with ed-
ible nuptial gifts before, during, or after copulation. These 
gifts can take the form of collected food items, or other 
tokens such as glandular secretions, nutritious spermato-
phores, or even self-sacrifi ce (Thornhill & Alcock, 1983). 
The benefi ts nuptial gifts provide to females are relatively 
transparent – consuming the food item usually provides fe-
males with important nutrients that can be used for imme-
diate benefi t. As benefi cial bacteria are shown to increase 
the nutritional value of a food product (e.g. Drew et al., 
1983; Zhang et al., 2005; Pradel et al., 2007), it can there-
fore be suggested that, gut bacteria could impact the value 
of a nuptial gift to a potential mate, through changing the 
nutritional quality, or through changes in host odour. This 
could infl uence mate choice or sexual selection (e.g. Ever-
aerts et al., 2010; Scott et al., 2011; Sharon et al., 2011). 
Therefore, not only can the gut bacterial content of an indi-
vidual’s gut infl uence the physiology and behaviour of its 
host, but it may convey important cues to potential mates, 
which may alter the mating behaviour of others. Indeed, 
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Abstract. Recently, there has been rapidly growing interest in the effects of the microbiota on host physiology and behaviour. Due 
to the nutritional value of bacteria, gut microfl ora may be particularly important in species that present nuptial gifts during court-
ship. Here, we explore whether the presence or absence of gut microbiota in males and females of the nuptial gift-giving species 
Drosophila subobscura (Collin, 1936) alters mating behaviour in terms of female preference, male investment, and female fecun-
dity. We found that females that had been fed antibiotics, compared to females with intact gut bacteria, were more willing to mate 
with a male that had been fed normally. However female fecundity was higher when both males and females lacked gut bacteria 
compared to both individuals having a full complement of gut bacteria. This implies that the presence of the microbiota acts to 
reduce female fecundity in this species, and that male gut bacterial content infl uences female fecundity. Our results provide further 
evidence to the growing consensus that the microbiota of an individual may have important effects on both reproductive behaviour 
and physiology, and suggest that it may also contribute to the nutritional value of the nuptial gift in this system.
* Corresponding author; e-mail: z.lewis@liverpool.ac.uk
INTRODUCTION
Recently, there has been rapidly growing interest in the 
effects of the microbiota: the parasitic, commensal, and 
symbiotic microorganisms residing within and on their 
host (reviewed in Lewis & Lizé, 2015). The community 
of bacteria residing in the gut of the host has, in particular, 
received attention as it has been shown to have important 
effects on the fi tness (e.g. Rosengaus et al., 2011), behav-
iour (e.g. Sharon et al., 2010), and evolution (e.g. Brucker 
& Bordenstein, 2013) of the host. In insects, bacterial com-
munities of one individual are known to alter behaviour of 
others, through communicating essential information from 
the host through changes in host odour, primarily through 
altering the cuticular hydrocarbon (CHC) profi le (Sharon 
et al., 2010). For example, gut bacteria plays an important 
role in masking an inherent kin recognition mechanism in 
the fruit fl y Drosophila melanogaster, potentially through 
olfactory cues (Lizé et al., 2014). When naturally occurring 
gut bacteria in D. melanogaster are removed, males trans-
fer less sperm to related females as compared to unrelated 
females, which reduces the potential costs of inbreeding. 
This suggests the presence of a naturally occurring kin rec-
ognition ability that is suppressed by gut bacteria. Thus, 
it is of great importance to examine any other potential 
physiological and behavioural effects that commensal gut 
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pared to normally-fed females, would be more willing to 
mate with normally-fed males, if gut bacteria contributes 
to the nutritional importance of the gift as shown by Im-
monen et al. (2009). Ideally, this study would involve di-
rectly manipulating the gift, and feeding females gifts from 
experimentally treated males before mating with control 
males in order to control for any other potential effects of 
the treatment on males, such as sperm count. However this 
would be almost impossible due to the small size of the 
gifts, and the fact that the gift is so vital to the courtship of 
this species, and it is likely that any control males would 
also give nuptial gifts to the females, potentially transfer-
ring bacteria to the female whilst doing so.
The second aim of this study was to evaluate whether 
the bacteria residing within the male and/or female af-
fects the female’s fecundity after accepting a nuptial gift. 
We predicted that if the gut and/or crop bacteria are ben-
efi cial to D. subobscura, antibiotic-supplemented females 
should have lower fecundity when mated with antibiotic-
supplemented males, but if the gut bacterial content nega-
tively impacts the hosts, that the removal of this microbiota 
would actually have a positive impact on the host.
MATERIALS AND METHODS
Experimental fl ies
Stocks were obtained from Punta Umbria, Spain (37.10°N, 
6.57°W) in April 2013, and reared in vials containing 20 ml 
standard maize-sugar-yeast agar “ASG” medium. Flies were 
reared at 18°C and on a 12L : 12D cycle. To obtain experimental 
fl ies, fl ies from this stock were separated at eclosion and mated 
after 7 days, when sexual maturity is reached in this species. The 
adults were then mated in a cylindrical mating chamber of height 
12.5 cm and diameter 10 cm, and left for 48 h to oviposit on an 
agar plate on the bottom containing grape juice medium (made by 
mixing 12.5 g agar, 275 ml water, 150 ml grape juice, and 10.5 ml 
of nipagin). Larvae were subsequently transferred from the agar 
plate to one of the two different food treatment types: (1) ASG 
double yeast medium (made by mixing 40 g agar, 340 g sugar, 
240 g maize, 160 g yeast, 4 L water and 100 ml nipagin together) 
and (2) ASG double yeast medium supplemented with the anti-
biotic streptomycin (using the same recipe as before, but adding 
4 ml of 0.04% streptomycin dissolved in ethanol per litre food). 
This results in a very small discrepancy in ethanol between the 
two treatments, however due to the small quantity involved, it is 
unlikely that this will have had any effect. Flies were transferred 
into vials at a density of 10 larvae per vial, thereby controlling 
for any potential density effects. Larvae were then left to mature 
and at eclosion, virgin adults were anaesthetised and separated 
into individual vials containing the same food type that they were 
reared on as larvae.
Confi rmation of suppressed gut microbiota
In order to ensure that the addition of streptomycin (0.04% 
concentration) to the dietary media did indeed supress gut bac-
terial communities, we analysed the bacterial content of the D. 
subobscura gut from both treatments. The whole gut of seven 
day-old fl ies was dissected into either 500 μl of PBS or 500 μl 
of liquid Brain Heart Infusion (BHI) media. These two dissec-
tion mediums and two growth mediums [BHI and MRS (de Man, 
Rogosa and Sharpe) agar] were used in order to ensure that a par-
ticular media did not select for certain species, thereby ensuring 
that any bacterial growth present would be representative of the 
it has been shown in the fruit fl y Ceratitis capitata that 
removing gut bacteria results in an increase in oviposition 
rate, although it should be noted that overall fecundity re-
mained consistent regardless of gut bacterial content (Ben-
Yosef et al., 2008). This study suggests that gut bacterial 
content may have important behavioural and physiologi-
cal effects on an individual. It is therefore possible that the 
gut bacterial content of a nuptial gift itself may contribute 
to these effects. To understand the way in which nuptial 
gift-giving behaviour infl uences the behaviour and physi-
ology of males and females, we need to examine in more 
detail the components which constitute the gift. In some 
nuptial gift-giving species females can assess the quality 
and/or size of a nuptial gift, and will base their preference 
of males on this assessment (Albo et al., 2013). In light 
of this, what components of a nuptial gift contribute to its 
physiological benefi t, and how can females judge this qual-
ity, preferentially choosing “better” gifts? 
Males of the fruit fl y Drosophila subobscura (Collin, 
1936) provide a nuptial gift during courtship; a droplet is 
secreted from the male’s crop and presented to the female 
on his proboscis (Krimbas, 1993). Similar to many other 
nuptial gifts, the nutritional signifi cance of this gift has 
been shown to be an important factor in the mating be-
haviour of this species. It has already been demonstrated 
in D. subobscura that starved females are more likely to 
choose well fed males, and the fecundity of these females 
is higher when they do (Immonen et al., 2009). When well 
fed, males produce larger gifts at a greater quantity, which 
is believed to contribute to this increase in fecundity. Al-
though this may be because males in good “condition” 
produce a greater quantity of drops, it could also indicate 
that females possess the ability to assess drop quality, and 
females may do this using olfactory cues. Although the im-
portance of this gift has already been outlined, what consti-
tutes quality of the gift has not yet been demonstrated. As 
an individual’s gut bacterial content can have such impor-
tant effects on host physiology and mating behaviour, and 
is highly likely to be present in the gift itself, this could 
also impact both nuptial gift quality and its olfactory cues.
The fi rst aim of this study was to evaluate whether the 
presence or absence of a full complement of gut bacteria 
affects female preference in D. subobscura. The courtship 
experiment utilised a between-subjects two-by-two de-
sign. Individuals were either fed normally, and therefore 
had a “typical” gut bacterial content, or they were fed with 
antibiotic-supplemented food. Adding antibiotics to the 
rearing medium is a standard method of suppressing gut 
bacteria (Koukou et al., 2006; Ben-Yosef et al., 2008; Sha-
ron et al., 2010; Lizé et al., 2014). However, in order to 
confi rm that our technique resulted in suppression of the 
gut microbiota, we analysed the bacterial content of the D. 
subobscura gut from both the normal and the streptomy-
cin reared diets. Normally-fed males were paired with ei-
ther normally-fed or antibiotic-supplemented females, and 
similarly, antibiotic-supplemented males were paired with 
either normally-fed or antibiotic-supplemented females. 
We predicted that antibiotic-supplemented females, com-
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D. subobscura gut. Dissection was repeated three times in both 
media for each treatment type: normal fl ies and fl ies reared on a 
streptomycin diet. The gut-solute was then placed into a 1.5 ml 
Eppendorf and disrupted by hand using a sterile pestle. 100 μl of 
the solute was then transferred to the centre of both MRS and BHI 
agar plates. The solute was spread across the whole plate with a 
sterile glass loop and sealed, before being placed into an incuba-
tor at 25°C for 72–96 h. After this time, the plates were checked 
for bacterial growth, and the number of colonies counted.
Mating trials
7 days after eclosion, the experimental adults were mated. Mat-
ings were conducted at 21°C, and started at 10 am. A bar light 
was placed under the shelves to maximise light which is vital 
to successful matings in D. subobscura (Krimbas, 1993). Fig. 1 
outlines the different mating treatments, comprising males and 
females that were reared on 20 ml of either normal ASG medium, 
or streptomycin antibiotic medium. Sample sizes were as follows: 
treatment 1 = 36, treatment 2 = 33, treatment 3 = 36, and treat-
ment 4 = 33.
Males were aspirated into vials, each of which already con-
tained a female. Pairs were watched for an hour or until the end 
of copulation. The time that copulation started and copulation du-
ration were measured. Mating success was measured as the suc-
cess/failure to copulate during the 1 h session. Mating latency, 
a commonly-used measure of female preference as it is driven 
by females themselves (Bacigalupe et al., 2007; Debelle et al., 
2014), was taken as the time (measured in seconds) from the 
placement of the male into the vial containing the female, until 
the beginning of copulation. Copulation duration, a commonly 
used measure of male investment as it is driven by males (Har-
court et al., 1981; Jennions & Passmore, 1993; Price et al., 2012) 
was calculated as the copulation time from beginning to end (also 
measured in seconds). Mating latency and copulation duration are 
commonly used indicators of mate preference and mating invest-
ment, respectively, in Drosophila (e.g. Verspoor et al., 2015).
Measuring fecundity
Following mating, females were transferred into a vial for ovi-
position. The vial contained 20 ml of neutral grape juice medium 
and a 1.5 cm centrifuge tube containing yeast paste, with small 
holes pierced near the top, ensuring that the yeast was inacces-
sible to the female for feeding, but would encourage oviposit-
ing through olfactory cues. Female fecundity was taken as the 
number of eggs oviposited onto this grape juice medium sampled 
at two specifi c times: for a 48 h period directly after mating and 
another 48 h period 7 days after mating. In between these two egg 
collection episodes, the fl ies were kept alone in 20 ml of neutral 
grape-juice medium. This allowed us to have a total measure of 
fecundity, further split into both short term and long term fecun-
dity, to examine whether the effects of the treatments changed 
over time.
Statistical analyses
To examine whether antibiotic treatment affected mating suc-
cess (0/1), a logistic regression was used. This logistic regression 
was conducted in R v3.4.0 (R Core Team, 2015). A fully saturated 
model that included male treatment, female treatment and their 
interaction, was reduced to a minimum adequate model through 
step-wise simplifi cation and Wald Chi2 tests with the “car” pack-
age. Effect sizes were obtained from predictor variable covariates 
of the fi nal model. Models were assessed for over-dispersion and 
the fi t was verifi ed through inspecting patterns in simulated re-
siduals generated with the “DHARMa” package (Hartig, 2017).
The response variables were log-transformed after fi nding that 
none [latency (s), mating duration (s), fecundity straight after 
mating, and fecundity 7 days after mating, total fecundity] fi t a 
normal distribution. We then tested for differences in these vari-
ables across treatment groups using a multi-factorial general lin-
ear model with male and female treatment type as the two factors. 
The statistical software SPSS (v22) was used for these general 
linear models (IBM Corp, 2013).
RESULTS
Suppression of gut microbiota
On both the growth mediums, signifi cantly more bacte-
rial colonies grew from fl ies with a normal gut comple-
ment. In most cases from fl ies that had been reared on a 
streptomycin diet there were zero colonies present (Table 
1), suggesting that the gut microbiota was completely sup-
pressed. There was slight bacterial growth on four of the 
Fig. 1. A diagram outlining the different mating treatments used in 
the study. Males are shown as fl ies with a round circle, represent-
ing the nuptial gift, connected to their proboscis, and females with-
out. Shaded fl ies represent fl ies that have not been treated with 
antibiotic and therefore have gut bacteria present, and white fl ies 
represent fl ies fed on antibiotics.
Table 1. The number of colonies grown on two different growth 
mediums – BHI (Brain Heart Infusion) and MRS (de Man, Rogosa 
and Sharpe) – and the solution the gut was dissected into. “Anti-
biotic” and “normal” refer to the antibiotic-supplemented ASG me-
dium and normal ASG double yeast medium respectively, that the 
individuals were reared on. Some replicates were removed from 
the analysis due to mould contamination.
Diet type Replicate Dissection solution Media
Number of 
colonies
Normal 1 PBS BHI 1976
Normal 2 PBS BHI 624
Normal 3 PBS BHI 16
Normal 1 PBS MRS 1612
Normal 2 PBS MRS 728
Normal 3 PBS MRS 17
Normal 1 BHI MRS 1924
Normal 2 BHI MRS 5512
Normal 3 BHI MRS 9100
Normal 1 BHI BHI 3068
Normal 2 BHI BHI 3120
Antibiotic 1 PBS MRS 0
Antibiotic 2 PBS MRS 0
Antibiotic 3 PBS MRS 0
Antibiotic 2 BHI MRS 0
Antibiotic 3 BHI MRS 0
Antibiotic 1 BHI BHI 1
Antibiotic 2 BHI BHI 0
Antibiotic 3 BHI BHI 1
Antibiotic 2 PBS BHI 1
Antibiotic 3 PBS BHI 11
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ten plates containing fl ies that had been reared on a strep-
tomycin diet, potentially as a result of contamination. In 
these cases however, the colony count was much lower, 
and suffi ciently shows that our treatment types were effec-
tive in suppressing gut microbiota.
Mating success
The minimum adequate model of mating success re-
tained only female treatment as a signifi cant predictor 
(Wald χ2, d.f. = 1, P = 0.030). Females treated with antibi-
otics had a +2.322 increase in log odds of mating compared 
to normally treated females, and thus are more likely to be 
mated. However, one should be cautious when interpreting 
this result, as only 1/69 microbiota-free, and 9/69 normal 
fl ies failed to mate and so this is testing close to the bound-
ary of the data.
Latency
There was no main effect of male treatment on mating 
latency (F = 0.08, d.f. = 3, p = 0.785). There was also no 
main effect of female treatment on mating latency (F = 
0.49, d.f. = 1, p = 0.487). However there was a statistically 
signifi cant interaction between male treatment and female 
treatment affecting mating latency (F = 5.68, d.f. = 1, p = 
0.020). Females that had their gut microbiota suppressed 
mated faster with males that had an intact microbiota, as 
shown by Fig. 2.
Mating duration
There was no main effect of male (F = 0.53, d.f. = 1, p = 
0.470) or female treatment (F = 0.20, d.f. = 1, p = 0.653) 
on mating duration. There was also no interaction between 
these factors (F = 0.30, d.f. = 1, p = 0.586).
Fig. 2. The mating latency of D. subobscura. Normally-fed males 
were paired with either normally-fed (1) or antibiotic-supplemented 
females (3), and similarly, antibiotic-supplemented males were 
paired with either normally-fed (2) or antibiotic-supplemented 
females (4). Standard error bars are included. There was a sig-
nifi cant interaction between male and female treatment, indicated 
by the stars above the standard error bars. Females mated faster 
when they had been fed antibiotics, and were presented with a 
male which had been fed normally. Here, the raw data are present-
ed but for the purpose of analysis, the data for mating latency were 
log-transformed. Diagram created in the statistical software SPSS.
Fig. 3. The total fecundity of D. subobscura. Normally-fed males 
were paired with either normally-fed (1) or antibiotic-supplemented 
females (3), and similarly, antibiotic-supplemented males were 
paired with either normally-fed (2) or antibiotic-supplemented fe-
males (4). Standard error bars are included. The addition of antibi-
otics to the food of both males and females signifi cantly increased 
female fecundity, with signifi cant differences indicated by the stars 
above the standard error bars. Here, the raw data are presented 
but for the purpose of analysis, the data for total fecundity were 
log-transformed. Diagram created in the statistical software SPSS.
Table 2. Means ± standard deviations for the response variables 
analysed. “Antibiotic” and “normal” refer to the antibiotic-supple-
mented ASG double yeast medium and normal ASG double yeast 
medium respectively, that the individuals were reared on. Stars 
indicate treatments with statistically signifi cantly differences with 
each other (p < 0.05). Fecundity A and fecundity B are the fecun-
dity measures taken straight after mating, and after 7 days, re-
spectively.
Response 
variable
Treatment 
number
Male 
treatment
Female 
treatment
Mean ± standard 
deviation
Mating 
latency (s)
T1* Normal Normal 909.09 ± 645.59
T2 Antibiotic Normal 734.52 ± 558.31
T3* Normal Antibiotic 508.00 ± 316.78
T4 Antibiotic Antibiotic 917.15 ± 803.63
Mating 
duration (s)
T1 Normal Normal 383.80 ± 135.01
T2 Antibiotic Normal 407.48 ± 236.34
T3 Normal Antibiotic 377.44 ± 172.12
T4 Antibiotic Antibiotic 392.54 ± 134.99
Fecundity A
T1 Normal Normal 10.08 ± 13.07
T2 Antibiotic Normal 6.20 ± 9.79
T3 Normal Antibiotic 8.44 ± 10.78
T4 Antibiotic Antibiotic 14.78 + 13.52
Fecundity B
T1 Normal Normal 9.07 ± 11.39
T2 Antibiotic Normal 15.35 ± 13.69
T3 Normal Antibiotic 11.20 ± 10.60
T4 Antibiotic Antibiotic 15.86 ± 12. 58
Total 
fecundity
T1* Normal Normal 17. 80 ± 21.92
T2 Antibiotic Normal 20.67 ± 18.37
T3 Normal Antibiotic 18.88 ± 17.98
T4* Antibiotic Antibiotic 28.20 ± 14.77
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Fecundity
When examining total fecundity, there were statistically 
signifi cant effects of the two factors, as shown by Fig. 3. 
Female fecundity was higher when the female was raised 
on antibiotics (F = 4.48, d.f. = 1, p = 0.037), and when 
the male was raised on antibiotics (F = 4.95, d.f. = 1, p = 
0.029).
When the data was split into short term and long term 
fecundity, there were no main effects of either male (F = 
0.17, d.f. = 1, p = 0.682) or female (F = 1.59, d.f. = 1, p = 
0.211) treatment on immediate fecundity, nor was there an 
interaction between these factors (F = 2.02, d.f. = 1, p = 
0.159). Similarly, there were no main effects of either male 
(F = 3.50, d.f. =1, p = 0.065) or female (F = 2.47, d.f. = 1, 
p = 0.120) treatment on fecundity a week after copulation, 
nor was there an interaction between these factors (F = 
0.19, d.f. = 1, p = 0.661).
DISCUSSION
This study suggests that gut bacteria can have an impor-
tant impact on both the behaviour and the physiology of 
Drosophila subobscura. We found that female treatment 
had a signifi cant impact on their mating behaviour. Fe-
males that had their gut microbiota suppressed mated faster 
with males that had an intact microbiota, whereas females 
with an intact gut microbiota were less willing to mate with 
males with an intact microbiota. Microbiota-free females 
were more likely to mate than normal females. It is likely 
that this result is an artefact of their lower mating latency; 
microbiota-free females mate more readily, and are there-
fore more likely to be mated at all in the 1 h observation 
window. There were no differences in male investment 
across treatments, when measured as mating duration. 
Total fecundity was increased by removing the gut bacteria 
of both the male and the female fl ies, as compared to total 
fecundity when both the male and female were fed normal-
ly. Our fi ndings suggest that there may be a link between 
gut bacteria and the mating behaviour of D. subobscura. 
The fact that we found female treatment to have an impact 
on mating latency, suggests that the presence or absence 
of gut bacteria in males can be detected by females, and 
that this alters females behaviour. Specifi cally, we found 
that removing the female’s gut microfl ora made them more 
willing to mate with a normally-fed male, which suggests 
that they were in a worsened state (Immonen et al., 2009) 
However, the fecundity of a female was actually lower if 
both partners were normally-fed, suggesting that the bacte-
ria in the gut actually may act to reduce female fecundity.
A diffi cult question arises from these results. If treated 
females more readily choose to mate with a male that has 
intact gut bacteria, one could predict that the preference 
may benefi t females by allowing them to choose a “better 
quality” gift from a normally fed male’s gift; it has already 
been shown that starved females of D. subobscura exhibit 
a similar response (Immonen et al., 2009). However as this 
female preference does not result in increased fecundity, 
for what reason do females more readily mate with normal-
ly-fed males when the female lacks gut bacteria?
One possible reason as to why females are willing to mate 
is that they are in a weakened state, making them less able 
to resist mating attempts from males. It is unclear whether 
this is happening here, because mating latency is female-
driven in this species: when the male is rejected the female 
orients its ovipositor downward, which makes it diffi cult 
for the male to copulate (Krimbas, 1993). However, just 
because they are capable of resisting males, the impacts of 
male harassment on female behaviour may differ between 
the treatment types.
A similar study examining the fruit fl y C. capitata 
showed that removing the commensal gut bacteria results 
in no difference of fecundity but an increase in oviposition 
rate (Ben-Yosef et al., 2008). Although this effect is slight-
ly different to the one we have shown in D. subobscura as 
overall fecundity is not shown to be different, it reaffi rms 
that bacteria must play an important part in post-mating 
female reproductive physiology and behaviour. It should 
also be noted that the initial increase in oviposition when 
bacteria are absent in C. capitata asks similar questions 
about whether the “commensal” bacteria in the gut is actu-
ally having adverse effects on its host.
The fact that antibiotic supplementation resulted in in-
creased female fecundity is curious. Indeed, previous 
studies on the physiological effects of disruption of the 
microbiome in Drosophila species have shown contrast-
ing results. Generally, disruption of host microbiome has 
resulted in negative physiological effects, including in-
creased larval development time, as well as reduced pro-
tein content (Ridley et al., 2012; Wong et al., 2014). These 
studies also failed to fi nd an effect of microbiome status on 
fecundity; however it is notable that microbial effects on 
Drosophila are not uniform between males and females, 
which is supported by our results (Wong et al., 2014).
The question of why the disruption of microbiota leads 
to an increase in fecundity in our study may be explained 
in an alternative way; potentially deleterious endosymbi-
onts within the host cells are suppressed by the antibiot-
ics, resulting in an increase in fecundity. It has been shown 
that removal of the endosymbiont Wolbachia in American 
populations of Drosophila suzukii results in an increase in 
fecundity compared to infected individuals, so a similar 
scenario may be present in this study (Hamm et al., 2014). 
However, in a European population of D. suzukii, removal 
of Wolbachia actually results in a decrease in fecundity 
(Mazzetto et al., 2015). Thus, even within the same Dros-
ophila species, there are contrasting effects of Wolbachia 
on host fi tness, so it is therefore unlikely to be as a result 
of Wolbachia. Additionally, to our knowledge, Wolbachia 
have not yet been found in D. subobscura (Haine et al., 
2005). Potentially the D. subobscura utilised in the current 
study harbour a different endosymbiont that is mediating 
the effect we have found, and as such it may be of impor-
tance to examine the presence or absence of such endos-
ymbionts in future studies. 
We observed the largest increase in fecundity when both 
the male and female were treated with antibiotics which 
suggests that, however the deleterious effect is mediated, it 
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can be horizontally transferred from males to females, po-
tentially via the regurgitated drop. This could explain why 
females treated with antibiotics mated to normal males 
still exhibited suppressed fecundity. It is worth noting here 
that there is potential for some bacterial transfer during 
the mating trials from fl ies that have intact gut bacteria, to 
individuals with suppressed gut bacteria. However, this is 
unlikely to affect the results as the time taken to conduct 
all experiments is not suffi cient for the gut bacteria to be 
re-colonised (e.g. Sang et al., 1956).
The fact that females more readily mated with normal-
ly-fed males when they themselves lacked gut bacteria is 
similar to the effect seen in Immonen et al.’s (2009) study, 
in which starved females would prefer nuptial gifts from 
males that were “well fed”. However, in order to further 
explore this idea, more in depth study on how exactly the 
nuptial gift factors into this system is needed. These stud-
ies could examine the effect of removing gut bacteria on 
the bacterial content of the gift itself, measure drop size 
and quantity, and examine whether female behaviour is al-
tered by any of these variables. However, as the nuptial 
gift is very small and only produced at the time of mating, 
it would be very diffi cult to do this in practise, and a very 
robust experimental design would be needed.
In conclusion, this study has demonstrated that gut bac-
teria infl ue nces female preference and may lower female 
fecundity in D. subobscura, providing more evidence for 
the growing consensus that gut bacteria can play a role in 
the mating behaviour of a host. Our study also suggests that 
cues that indicate the bacterial composition of the gut can 
be detected by potential mates, which may be even more 
important within mating systems that involve nuptial gift-
giving, if the gift is partially determined by the nuptial gift 
contents as our study suggests. Increasingly we are coming 
to understand the wide ranging impacts gut-associated bac-
teria have on the biology of the host.
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